seminal proposal of a dual process theory of recognition included a few clear-cut distinctions between recollection and familiarity, one of which was that recollection was a conceptual search process and familiarity was a perceptual process. Specifically, familiarity was described as an experience based on intraitem integration, or the integration of the perceptual and sensory features of an event. Repetition was argued to increase intraitem integration by "focusing organizational processes on the perceptual, featural, and intrastructural aspects of the event" (p. 255), thereby increasing familiarity. And because intraitem integration was a sensory and perceptual process, it followed that the greater the perceptual match between an item at study and test (e.g., presenting items in the same vs. different modalities), the greater the familiarity and the better recognition should be.
Early research supported Mandler's (1980) model and demonstrated that old items on a recognition test were easier to process perceptually than were new items, regardless of accuracy (Johnston, Dark, & Jacoby, 1985) . The effect was termed perceptual fluency and was argued to underlie automatic uses of memorynotably, in both explicit and implicit tests (e.g., Jacoby & Dallas, 1981) . A good deal of evidence in favor of this hypothesis has accrued (see below) although it is now clear that conceptual processing is also important to familiarity (Jacoby, 1991; Jacoby, Toth, & Yonelinas, 1993) . Overall, familiarity appears to be multidimensional in that it is influenced by both perceptual and conceptual processing. However, Mandler's (1980) intraitem integration hypothesis of familiarity has faced some difficulty because a number of challenges have been raised to the idea that perceptual processes like those that underlie implicit memory also contribute to recognition memory.
One major set of challenges came early on from the memory systems account of implicit memory, which maintained that the neural structures supporting implicit and explicit memory were distinct from one another (for reviews see Schacter, 1994; Schacter, Wagner, & Buckner, 2000; Tulving, 1985) . For example, a number of dissociations between different types of implicit tests were argued to show that each type of implicit memory had its own dedicated neural system (e.g., Tulving & Schacter, 1990) . From this point of view, the perceptual processes underlying familiarity in a recognition task cannot overlap with those underlying performance on implicit tests because they rely on different neural systems. Support for this position has been found in studies demonstrating dissociations between performance on implicit tests and measures of familiarity on recognition tests (e.g., Stark & Squire, 2000; Wagner & Gabrieli, 1998; Wagner, Gabrieli, & Verfaellie, 1997) . These data seem to indicate that the processes supporting implicit memory are distinct from those that underlie familiarity, a significant challenge to the idea that familiarity stems in part from the perceptual processes supporting implicit memory.
Another major set of challenges, to both the intraitem integration hypothesis and the memory systems theory, came from the transfer-appropriate processing (TAP) framework (Roediger, Weldon, & Challis, 1989 ; see also Morris, Bransford, & Franks, 1977) . Research on TAP effects showed that dissociations between implicit and explicit tests depend on whether the tests are perceptual or conceptual, and that the variables that affect the two types of tests differ (e.g., Roediger, Gallo, & Geraci, 2002; Roediger & McDermott, 1993; Roediger et al., 1989) . Perceptual implicit tests recruit perceptual processing by presenting stimuli in a degraded form or very rapidly (e.g., word-stem and word-fragment completion, degraded word naming, and perceptual identification) and are affected by perceptual manipulations like modality changes between study and test, but not by conceptual manipulations like levels of processing (LOP). Conceptual tests present cues that often have little perceptual match to the studied item but tap memory for meaning (e.g., word association, exemplar generation, and general knowledge tests); these tests are typically affected by conceptual manipulations like LOP but not by perceptual manipulations like modality. Because standard explicit tasks are more conceptual than perceptual, dissociations are most readily produced when the implicit test is perceptual. Therefore, the patterns of dissociations between standard implicit (perceptual) and standard explicit (conceptual) tests could be explained by the kind of processing the tests required (see McDermott, 1993, and Roediger et al., 2002 , for reviews and exceptions).
The TAP framework not only challenged the memory systems account of implicit and explicit memory but also produced studies demonstrating large effects of conceptual manipulations on recognition memory and very small (or no) effects of perceptual manipulations. For example Challis et al. (1993) found significant effects of a modality manipulation on perceptual priming but not on conceptual priming or recognition. Likewise, Hayman and Rickards (1995) found significant effects of a LOP manipulation on recognition, but no effect of modality. Craik, Moscovitch, and McDowd (1994) even asked, "Why does perceptual similarity not enhance recognition memory?" (p. 873) after finding a similar pattern. Indeed, the influence of surface-level characteristics on recognition seemed so unimpressive that one article argued that even if perceptual fluency was in fact common to both familiarity and perceptual implicit memory, it was too small a contribution to recognition to measure reliably (Conroy, Hopkins, & Squire, 2005) .
At the same time that these problems for the intraitem integration hypothesis were brought to light, other studies did find that perceptual manipulations mattered to recognition. Craik and Kirsner (1974; see also Goldinger, 1996) showed a hyperspecificity effect in recognition with words being better recognized if they were repeated in the same voice than in a different voice, and spurious low-level details such as letter sets and font have been found to affect recognition (Diana, Peterson, & Reder, 2004; Parkin et al., 2001 ). Jacoby and Dallas (1981) showed an effect of modality on both recognition and a measure of perceptual implicit memory, a pattern replicated by Hashtroudi, Ferguson, Rappold, and Chrosniak (1988) , and effects of modality on neural signatures of familiarity have been found as well (Schloerscheidt & Rugg, 2004) . More recently, Mulligan and Osborn (2009) showed that modality affected recognition, but only when it was made salient at study or test. Miller, Lloyd, and Westerman (2008) found a similar pattern: Perceptual fluency manipulations affected recognition only when subjects thought perceptual features were relevant to the test. In an investigation of the time course of modality and LOP effects on recognition, Boldini, Russo, and Avons (2004; see also Boldini, Russo, Punia, & Avons, 2007) found modality effects early in the time course of a recognition decision (when familiarity dominates responses) that dissipated over time, and LOP effects that emerged in the middle of the time course and become large over time (when recollection is more likely). Together these findings suggest that when a test decision relies primarily on familiarity, or when surface-level features are made important to the test (or even just salient at study), perceptual features do seem to influence recognition.
At present then, a problem for understanding familiarity and its relation to other seemingly related processes like perceptual implicit memory is the fact that the effects of perceptual manipulations are mixed, whereas conceptual processing has consistently large effects. Converging evidence seems to suggest that this is due in part to the fact that the standard recognition test is a relatively conceptual test (Roediger et al., 1989) . The combined ideas of dual process theory and TAP suggest that the effects of surface-level features should emerge when a recognition test places heavier demands on perceptual processing, by speeding responses or degrading the stimuli as done in perceptual implicit memory tasks. Findings in the literature suggest that this is true for very fast recognition responses (e.g., 300 ms or faster; Boldini et al., 2004 ), but it is unclear whether such effects will emerge at slower speeds or with other means of recruiting perceptual processing. Thus, the current experiment tested this hypothesis by crossing a LOP manipulation with a modality manipulation and examined those effects in four different recognition tests that varied in their perceptual processing demands. Task demands were manipulated by increasing the degree to which perceptual processing would be recruited-specifically, by degrading the stimulus and increasing the speed of responding. The tests, from most conceptual to most perceptual, included a standard recognition test, a degradedstimulus test, a speeded test, and a degraded-speeded test. Increasing response speed has been an effective way to undermine the use of recollection on a recognition test and increases reliance on familiarity (see Yonelinas, 2002 , for a review). Degradation of stimuli, although not common in explicit tasks, has been a standard means of stimulus presentation in implicit tasks and has been shown to recruit perceptual processes more than complete stimuli do (e.g., MacLeod & Masson, 2000) . Thus, it was expected that a degraded stimulus would increase recruitment of perceptual processes at test but that it might do so to a lesser extent than speeding responses if participants simply took extra processing time to compensate for stimulus poverty. Combining a degraded stimulus with speeded responding was expected to create the most perceptually demanding test. A standard perceptual implicit memory test (fragment completion) was included as well to demonstrate the hallmark pattern observed across most perceptual implicit tests (i.e., a significant modality effect and a null LOP effect). It was predicted that the effect of the modality manipulation would increase as the recognition tests became more perceptually demanding but that the LOP effect would get smaller.
PARKS

Method Participants
Participants were 240 students (mean age 20.3 years, 158 women) enrolled in a course at the University of California, Davis, who took part in the experiment in return for course credit. Participants were randomly assigned to test conditions (standard, degraded, speeded, speeded-degraded, and implicit) with 48 participants per test.
Stimuli and Design
The experiment was a 2 (modality) ϫ 2 (LOP) ϫ 5 (test) design with test as the between-subjects variable and both modality and LOP manipulated within subjects.
Stimuli were 180 words from Kucera and Francis (1967) that were organized in six lists of 30 words, with the lists balanced for frequency in the language (M ϭ 8.8) and number of letters (range 6 -8, M ϭ 7.1). Lists were counterbalanced such that they appeared in each experimental condition an equal number of times across participants. In all conditions, participants studied 120 words (30 visual deep, 30 visual shallow, 30 auditory deep, 30 auditory shallow); the recognition and fragment-completion tests included an additional 30 new items. An additional 16 words were used as primacy and recency buffers. Fragments in the fragmentcompletion test were constructed by removing three or four letters from a word such that the target was the only legal completion of the fragment (e.g., r_ _bo_, for ribbon). The mean number of blanks per word for each list was 3.06.
Procedure
Participants were tested in groups up to four with the experimenter present throughout testing, and the experiment was controlled by E-Prime 1.0.
Task instructions were presented on the monitor; the experimenter reiterated important points and checked for understanding before participants began. To try to minimize intentional uses of memory in the fragment-completion condition, the experiment was described as a series of tasks that involved working with words in different ways. Words were presented either on screen (centrally in 12-point white font on a black screen) or via headphones. In the deep processing task, participants judged the pleasantness of the item on a 5-point scale (presented at the bottom of the screen throughout the task). The shallow task was a syllable counting task; the question "How many syllables are in this word?" appeared at the bottom of the computer screen throughout the task, and participants entered the number using the keyboard. Processing tasks were blocked, and order was counterbalanced across participants; modality of presentation was mixed within each processing block.
After encoding, participants took an old/new recognition test with all words presented visually in the center of the screen in the same font used for the visual items at study and with the responses Old and New presented on the bottom left and right sides of the screen, respectively. Items were tested visually in order to facilitate speeded responding and degradation of the stimulus. Participants pressed the z key to respond old and the / key to respond new.
For all conditions, 12 practice trials that used old buffers and new items preceded the test. In the standard test, trials were self-paced. The degraded test was also self-paced, but the items were degraded by presenting them rapidly and covering them with a brightness mask. On each trial, three asterisks appeared for 500 ms on either side of the space where the word would appear; participants focused their gaze in the center of that space. The asterisks then disappeared, there was a 50 ms pause, and then the word was presented for 150 ms.
1 A white rectangle sized slightly larger than the word immediately replaced the word and stayed on screen until a response was made. The mask was created using the same physical characteristics as the words (e.g., the same font color, brightness) and thus was designed to have the same luminance level as the word, although actual luminance values were not recorded. Response options were displayed at the bottom of the screen throughout the trial, as in the other tests. Once the trial was complete, the screen displayed a prompt reminding participants to press the spacebar when ready for the next trial. On the speeded test, items were presented clearly but participants had to respond within 750 ms of the onset of the stimulus; when 750 ms elapsed, the item disappeared and a loud beep was played until they responded (late responses were recorded). The response deadline was the same on the speeded-degraded test, but the items were also rapidly covered with a brightness mask (using the same trial procedure as the degraded test); the time to respond (750 ms) began with the onset of the word, and the white rectangle covered the word 150 ms into the response window and stayed on screen until a response was made. Finally, the fragment-completion test was presented as a word puzzle task. Participants were shown a fragment (e.g., r_ _ bo_) and were asked to think of the word that would complete the fragment and type it into the computer within 10 s. A guided questionnaire was given after the fragment task to assess awareness of repeated words from encoding and intentional uses of memory. Questions began generally in an open-ended format ("What do you think was the purpose of the task you just finished?") and ended with direct questions about intentional use of memory on the test ("While doing the task, did you notice whether you completed some of the fragments with words from the pleasantness rating or the rhyme tasks? Did you try to use words from the earlier tasks to complete the items?").
Results
Recognition was measured as d= (standardized hits minus standardized false alarms) in the recognition tasks and as priming (correct responses to targets minus correct responses to lures) in the fragment-completion task. A few participants in each recognition test had perfect hits or false alarms, making d' incalculable without adjusting the data; their data were not used in the following analyses (ns ϭ 44, 45, 44, and 47 for the standard, degraded, speeded, and speeded-degraded tests, respectively). Table 1 presents the hit and false alarm rates for the recognition tests and the completion and baseline rates for the fragment-completion test.
1 This is a longer time than used in implicit memory tests that use speeded presentations (e.g., in perceptual identification tasks, items are often presented for less than 50 ms); however, the goal in the current study was simply to increase the perceptual demands of the test, not to fully reproduce conditions of perceptual identification tasks.
PERCEPTUAL AND CONCEPTUAL EFFECTS
The specific hypothesis investigated in this experiment was that the modality effects should increase and the LOP effect should decrease as the tests became more perceptually demanding. An examination of the means in Figure 1 appears to confirm that pattern: Differences between deep and shallow processing become smaller as perceptual demands increase, and the differences between auditory and visual presentation increase when the tests become perceptually demanding. Although the primary question was about these main effects across the tests, the overall analysis of variance (ANOVA) was conducted as well. All effects, save the three-way interaction, were significant: modality F(1, 176) examined the changes in the effects of modality and LOP across tests; differences between deep and shallow conditions were expected to decrease from the standard to the speeded-degraded test, and differences between visual and auditory presentation were expected to increase. Both of these effects were significant (modality p ϭ .021, LOP p Ͻ .001), thus supporting the hypothesis that modality gained influence and LOP lost influence with increasing perceptual demands at test. Follow-up comparisons showed that the increase in the modality effect was driven by a nonsignificant effect on the standard test (p ϭ .304) and significant modality effects on all the perceptually demanding tests (ps Ͻ .001); comparison of the modality effect among the three perceptually demanding tests showed similar effects on all the tests, F Ͻ 1. In contrast, the LOP effect was significant on all the tests (all ps Ͻ .004), and the general decrease in the effect with increasing perceptual demands was driven primarily by differences between the self-paced and speeded tests (standard vs. degraded F Ͻ 1; degraded vs. speeded F(1, 87) ϭ 34.97, p Ͻ .001; speeded vs. speeded degraded F Ͻ 1). These inferential analyses were bolstered by examining effect sizes. Cohen's f was calculated for the main effects on each test in order to examine the standardized effects (removing potential influences of performance level). As can be seen in Figure 2 , the effect sizes mirror the results of the contrasts and show that the LOP effect size decreased with increasing perceptual demands at test and the modality effect size increased when tests were made perceptually demanding.
2
Fragment completion priming scores were submitted to a 2 (LOP) ϫ 2 (Modality) repeated-measures ANOVA that revealed a main effect of modality; no other effects were significant, modality F(1, 47) ϭ 26.07, p Ͻ .001, 2 ϭ .36; LOP F(1, 47) ϭ 2.87, p ϭ .100; Modality ϫ LOP F Ͻ 1. These results replicate the standard perceptual implicit memory test pattern: a significant modality effect and no effect of LOP. This pattern might be surprising though given that all but one participant reported that encoded words were repeated on the test, and all but seven participants reported intentional uses of memory. However, some participants who reported intentional memory use also said that "there was no 4 PARKS strategy, the word just popped out of me" or that the words "just came to me." Therefore, although the questionnaire was designed to avoid some of the ambiguity between awareness and intent, it does not seem to have clearly distinguished between them. Despite the potential for contamination by explicit memory though, the patterns here serve as a benchmark of the typical pattern of results found on perceptual implicit memory tests.
Discussion
The goal of this experiment was to compare the effects of LOP and modality as a recognition test placed increasing demands on perceptual processing, similar to the demands on a perceptual implicit memory test. The results showed that the modality effect became significant when the tests were made perceptually demanding and the LOP effect decreased when responses were speeded. These results are in line with previous research that has shown differential modality and LOP effects on speeded recognition tests depending on the timing of the response signal (Boldini et al., 2004) but demonstrate that the modality effects are not restricted to conditions of speeded responding and can be found by manipulating either the perceptual features of the stimulus (degraded test) and/or the speed of responding (speeded tests). These results support the hypothesis that task demands influence the extent to which perceptual features influence recognition memory. As such, they support both the TAP account (Roediger et al., 1989) of memory as well as the intraitem integration account of familiarity (Jacoby & Dallas, 1981; Mandler, 1980) : Surface-level features are important to recognition when the test emphasizes perceptual processing.
There has been some difficulty in determining if and when modality, a manipulation of surface level detail, affects recognition decisions. Some studies have found these effects (Craik & Kirsner, 1974; Jacoby & Dallas, 1981; Johnston et al., 1985; Mulligan & Osborn, 2009) , but other studies have not (e.g., Challis et al., 1993; Craik et al., 1994; Hayman & Rickards, 1995; Stark & Squire, 2000) . The current data support the idea that perceptual characteristics like modality are usually encoded and that they affect recognition when they are relevant at test (Craik et al., 1994; Miller et al., 2008) . One alternative explanation though is that the overall level of performance was primarily responsible for producing a significant modality effect (Johnston, Hawley, & Elliot, 1991) , rather than changes in perceptual processing. Although performance certainly can be an important factor, it is unlikely to provide the sole explanation for effects found here because the modality effect emerged while performance was still quite good (e.g., d=s on the degraded test ranged from 1.27 to 1.98). Additionally, and in contrast to the present results, Mulligan and Osborn (2009) found significant modality effects in standard recognition when modality was made salient at study or at test. The reasons for the difference between their finding and the present results are unclear but may be attributable to different encoding and testing procedures. The orienting tasks used here may have encouraged covert pronunciation (particularly in the shallow syllable-counting task) and thereby reduced the saliency of modality at study. Additionally, Mulligan and Osborn tested items in mixed modalities, whereas items in the present study were all tested visually; testing in mixed modalities may enhance the saliency of modality relative to a single-modality test. Nonetheless, the current results are generally consistent with Mulligan and Osborn's findings; that is, task demands, whether at test or at study, can influence the degree to which perceptual (or conceptual) processes are recruited at retrieval. A related line of evidence comes from investigations of fluency manipulations showing that perceptual fluency increases feelings of familiarity, but sometimes only if participants expect such fluency to be relevant to the task (Miller et al., 2008) .
The increasing perceptual demands of the tests in the current experiment also resulted in a diminished LOP effect. This pattern cannot simply be a due to a drop in performance level because as the LOP effect decreased, the modality effect emerged. However, the LOP effect was sensitive to slightly different factors than the modality effect; whereas modality became significant once perceptual demands were increased by using either an impoverished stimulus or speed, the biggest decline in the LOP effect was due to speeded responses (see Figures 1 and 2) . It is possible that the different patterns for the two effects may reflect different time courses needed for the relevant information to affect the recognition response; if LOP information takes slightly longer to accrue, it would have less opportunity to influence retrieval in the speeded conditions. This would be consistent with dual process models and time course analyses of recollection and familiarity (e.g., Boldini et al., 2004) , as well as the fact that LOP typically has a larger effect on recollection than familiarity, but the question bears further investigation for a complete answer. Overall, the different patterns across tests suggest that the type of fluency that is important to recognition is variable and depends on task demands. Therefore, in some cases the effect of perceptual factors will be small to nonexistent (as is often found in standard recognition), and in others it can have a significant influence (when made salient, e.g., Mulligan & Osborn, 2009) . Converging evidence therefore suggests that conclusions about the perceptual or conceptual nature of familiarity and its relation to other memory processes, like implicit memory, should not be based on one type of test. Familiarity appears to be a multidimensional process that can appear more conceptual in some situations (standard recognition tests) and more perceptual in others (tests where perceptual features are salient). Therefore, dissociations should be treated 
PERCEPTUAL AND CONCEPTUAL EFFECTS
with caution if those differences have been found between tests that may have different task demands (e.g., Wagner & Gabrieli, 1998) .
The ideas tested in the present research are based in large part on Mandler's (1980) description of the familiarity component of recognition as a perceptual process. Because recollection and familiarity were not measured separately here there is no way to definitively link the present effects to the familiarity process alone. In fact, the modality effect emerged in the degraded recognition test, where recollection likely made significant contributions to performance, and thus it is possible that modality influenced explicit memory in general (i.e., either or both recollection and familiarity). However, the modality effect was still significant (and the LOP effect decreased) under speeded test conditions, where familiarity is expected to dominate responses, consistent with prior research on the time course of the modality and LOP effects (e.g., Boldini et al., 2004 Boldini et al., , 2007 . Thus, although process estimates will be useful to determine when perceptual-matching affects recollection, familiarity, or both, the evidence suggests that perceptual features like modality tend to have the largest influence when familiarity dominates responses and/or when perceptual features are salient (but see Kurilla & Westerman, 2008) . Further, these patterns have implications for understanding familiarity at both behavioral and neural levels: If familiarity is in fact multidimensional and sensitive to task demands, its similarity or difference from either perceptual or conceptual implicit memory may depend in part on the types of tests that are used. Determining whether, or the extent to which, familiarity and implicit memory rely on overlapping processes will therefore require careful and systematic efforts to tease apart those processes and will need to consider how test formats may influence those relationships (e.g., Berry, Shanks, Speekenbrink, & Henson, 2012; Ratcliff & McKoon, 1996) .
In sum, the current data support the hypothesis that extent to which perceptual fluency matters on a recognition depends on the degree to which that test recruits perceptual processes. Because standard recognition tests rely heavily on conceptual processing there is often little effect of perceptual manipulations like modality. Thus, one answer to Craik et al.'s (1994) question "Why does perceptual similarity not enhance recognition memory?" is that perceptual similarity does enhance recognition when that information is made salient by the task demands.
